Why should the scientific and medical communities take note of the endoglin knockout mouse described by Bourdeau et al. in this issue of the JCI (1)? After all, it is not the first report of a mouse lacking this accessory protein for the superfamily of TGF-β receptors (2) .
As previously described (2), mice homozygous for an endoglin null allele exhibit an embryonic-lethal phenotype.
The essential abnormality appears to be defective remodeling of the primary vascular plexus (3), resulting in abnormal yolk sac and embryonic blood vessel development. Bourdeau et al. (1) also carefully delineate the abnormalities in cardiac (particularly endocardial and cushion tissue mesenchyme) development, observed before the embryos succumb to the lethality of the vascular defect. Similar findings are to be reported elsewhere (4) . These studies should prompt further delineation of roles for TGF-β ligands and receptors (5) in the recruitment and differentiation of mural cells required to stabilise the immature vessel, as well as in the regulation of the epithelial-mesenchyme transformations required for these processes (3, 6) .
More importantly, the key result of this paper (1) is that the endoglin heterozygotes develop a phenotype remarkably similar to that of humans who are heterozygous for a null mutation in the endoglin gene: the vascular disorder Rendu-Osler-Weber syndrome (hereditary hemorrhagic telangiectasia, HHT) (7) (8) (9) . (Note that HHT also results from mutations in ALK-1, the gene for activin receptor-like kinase 1, a type I TGF-β receptor [10] HHT is an autosomal dominant disorder usually recognised by nosebleeds, mucocutaneous telangiectasia, and, in later life, gastrointestinal bleeding. Some patients also develop arteriovenous malformations (AVMs) in the pulmonary, cerebral, and hepatic circulations (12) (13) (14) . Despite what clinicians like to say, it is often good fortune that determines whether vascular lesions are of a nature and distribution that will respond to therapeutic efforts. Nasal and gastrointestinal bleeding are notoriously difficult to treat in HHT; most moderately affected patients rely on iron therapy and/or regular blood transfusions. The outlook for pulmonary AVM patients has been transformed with embolization therapies, but residual disease of varying significance remains in up to 60% of patients (14) . The significant risks associated with intervention for cerebral AVMs mean that many patients are left untreated and at risk of intracerebral hemorrhage. In cases with severe hepatic involvement, there is now debate as to whether embolization therapy should even be attempted, or whether this complication is best treated by liver transplantation. Hence, we sorely need an animal model to assess potential therapeutic modalities.
The heterozygous mice described in this issue of the JCI (1) develop nosebleeds and cutaneous telangiectasia; interestingly, the ears are affected more commonly than in humans. From the data presented, it appears that some mice may also develop gastrointestinal and possibly pulmonary involvement. Should we be surprised or concerned that the abnormal vascular lesions develop predominantly in certain genetic backgrounds (129/Ola-rich) and only affect a proportion of heterozygous mice (Table 1 A Asymptomatic screening in other populations reveals true incidence to be higher (14) . B Ascertainment bias towards pulmonary AVMs. C Breathing difficulties and internal hemorrhages were observed in two animals. D Dilated abdominal skin vessels. Note that nosebleeds are usually the first and most common manifestation of HHT, whereas murine telangiectasia were more common than nosebleeds and apparent at a similar age. NS, not stated; m, mixed.
mutation (8) . The mice become ever more appropriate HHT models. The genetic background also appears to influence the phenotypes of homozygous endoglin null mice. Embryonic lethality occurs between 10-10.5 days in mice derived from 129/Ola embryonic stem (ES) cells bred into C57BL/6 animals (1, 4) but is delayed to 11.5 days in mice of 129/SvJ ES origin (2) . We can anticipate studies delineating why the 129/Ola background renders endoglin null mice susceptible to earlier disease and leads to more pronounced disease in heterozygotes.
There are precedents for murine strain-dependent susceptibility to deficiencies in TGF-β family members. The variation in the TGF-β1 null phenotype (15, 16) may be particularly relevant, as endoglin can modulate TGF-β1 signaling (17) , probably by associating with the ligand-binding type II signaling receptor TβRII (18) . The endoglin null phenotype is similar to vascular defects seen in mice deficient for TGF-β1 (19) and TβRII (20) , although these two mutant strains also exhibit defective hematopoiesis, which is observed in only one of the endoglin null mice models (4). Defective endothelial cell differentiation is also found in TGF-β1-deficient mice. The NIH/Ola background rescues TGF-β1 null mice from otherwise lethal defects in vasculogenesis or early embryogenesis (15) , but this background is reported not to rescue the endoglin null phenotype (4) .
Endoglin also interacts with receptor complexes associated with signaling by activins and bone morphogenetic proteins (BMPs) (18, 21) . Similarities in the vascular phenotypes of mice deficient in endoglin, SMAD5 (22) (a cytoplasmic signaling moiety implicated in activin and BMP signaling), and ALK-1 (cited in ref. 21) will no doubt fuel debate as to which endoglin interactions are of functional importance, at least for the development of the embryonic vasculature and heart, and for HHT itself.
However, to fully account for the discrepancies between the carefully observed endoglin heterozygotes on similar 129/Ola backgrounds (1, 4; Table 1 ), we probably need to consider additional genetic and environmental precipitants of the full phenotype. How reminiscent this is of discussions regarding HHT patients (13, 14) ! Their model has arrived.
